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5.0 METHODS 

T ~ I S  SOP descriis Enwonmental Protection Agency (EPA)-apprd discharge measurement 
methods Methods are based on known condmms at FtFP A variety of chdargc measurement 
methods are requued because flow con&t~ons M e r  from site to ate In -*on of these 

vaned con&txms, t)lls SOP d m b e s  posslble flow conbbons that may bc encountered and 
descslbcs methods that are to be used based on the Ute-speafic flow con&tIons 

Because of the dynarmc nature of surface water characterrsttcs, flow measurement by the methods 

descnbed m thts document may be rmposslble at some des. If measurable flow conbt~ons are 
encountered at a surface water data collecbon ate, the field crew wdl attempt to measure flow at 

a pomt upstream or downstream of the Ute Whether or not a measurement IS made, the crew WIU 

note the con&tIons that mhbited accurate flow measurement at the designated ate 

Selechon of discharge measurement methods IS based on the followq cxistmg m ~ o n s  at RFP 

e Flumes to be mstalled at RFP are Parshall flumes 
0 Rpes m and around the protected area (PA) contam grawy flow (These may be 

Many stream channels are rocky and hutoncal stream dkbargc measurements 

difficult to reach wrth a veloaty measmag devroc) 
0 

indicate that portable flumes failed to adequately contain flow 

In wew of these cnstmg phpcal umstramts, Table SW 4% I)lschatge Measurement Methods Based 

on the 'Qpc of Sae, will be consulted to select the method used at a particular rite 

The control structure (flume) method should be used for drscharge measurements in streams or 

btches when flumes arc in place and operattonal The dumetnc mcthod, is to be used only for 

measurement of dtscharge from pipes. 

(401 1-940.0loo-Pro)(SW4W2)(02/27/92) 
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Table SW.4-1 

DISCHARGE MEASUREMEN" METHODS 

BASED ON THE TYPE OF SITE 

lhm2utG Method 

RPe Volumetnc 

Flume Flume 

Flume, wth aquahc vcgetahon Veloaty-area 

Stream channel, no flume Veloaty-area 

Ditch Vcloaty-area 

I NPDES dscharge locahons Flume 6 totahr rea- 

It IS recommended that the veluuty-area method bc used at specific Utes where aquahc vegetation 

or other m a t e d  located m the flume or in the chanud downstream from the flume may product 
backwater con&hoas. Backwater am&hons are lnntucd m Sub3cctim 5.132, which dcsaibes 
rcqurred measurement con&hons for flumes 

(401 l.P4oo100-940)(SW4R.2)(02/27/92) 
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5.1 BUCKET AND STOPWATCH VOLUMETRIC METHOD 

The wlumetnc method IS a sunple and accurate method for measuring flow from small ducharges 

and wdl be uthzed at RFP to measure grawty flow drscharges from pipe outlets. Tlus method 

mvolvcs ObSeMng the tune rqwed to fill a contamer of known capacity, or the hme rqwd to 

partly fill a dbrated contamer to a known volume Altematnely, in the casc of measuring 
drxharge remotely m a sump or standpipe setting, the volumetric method may be performed by 

captunng flow 111 a contamer for a set pelrod of tune no less than 10 seconds. Tlus volume of 

water IS then measured and dtscharge IS determrned 

5.1.1 Equipment 

The "bucket and stopwatch" t d q u e  IS parbcularly useful for the measurement of small flows 

Eqmpment reqwed to make this measurement IS a dbrated contamer and a stopwatch For 

measurements at RFF', dbrated contamers of varyrag sizes wdl mdude 

e 5@0n dbrated bucket 

e Zhter graduated &der 

e 1-hter graduated cyllnder 

e 1-ker beaker 

e 500-miWter beaker 

e 250-mdlhter beaker 

Extenslon rods wdl be used to hold a contamer for captunng flow m enclosed amas contaimg 

*P4! P I P  

(401 1-940.oloo940)(SW4REV.2)(02/27/92) 
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S.l.2 Maintenance and Calibration Procedures 

I Graduated cyhders are incremented m terms of milliliters and can be casily collvcrted to gaHons 
The mcremental volume of a $gallon bucket can be determined by addmg kaown volumes of water 

and rmrdmg the depth after each adhtion 

5.13 Field Procedures 

In accordance wth SOP SW 1, Surface Water Data Collecbon Act~t~es, the field crew d ~sscss 

the type of site bemg vlstted Upon amval at the ate, the techmaam wdl evaluate the flow 
condhons to select the appropnate method for flow measurement the flow conddons meet those 

outltned LII S u b o n  5 1 1 ,  then the technruans will observe and use judgement m approximabag 

the flow volume and d select an appropnately sued volumetnc contamer to use the volumetric 

method of flow measurement 

A techruaan d use a stopwatch to measure the tune requued to fill a dumetnc contamer The 

techmaan d tune flow mto the contamer for a mumum of 10 secoIlcls Three consecutive 

measurements d be made and noted, and the results averaged to determine the discharge 

If remote measurement IS necessaq, a antamer d be attached to an extension rod. The 

techmaan d tune flow for a mmmum of 10 seconds The volume of water will then be poured 

mto a calibrated amtamer, measured, and recorded Three such measurements will be made, 

noted, and the results averaged to deterne  the -e 

(401 l-P4091oo-940)(sWrRW3)(02/~/92) 
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5.1.4 Discharge Calculations 

Dlschargt wdl be detennmed d t d y  rn gallons per sewnd (gal/s) or in ndlihtcrs per scwnd 

(ml/s) These dues wdi be noted, but the averaged value wdi be reported rn &c feet per second 

(6) Caldahons wdi be performed as follows 

a Record each of the three measurements in terms of gallons per second or 

&ten per second, dependmg on the wlumetnc contamer 

0 If one of the three measurements IS 50 percent or more Merent from the other 

two measurements, then thrs value WJII not be used Instead, three ad&bonal 

measurements wdl be taken and, prowded that none of these measurements M e r s  

by greater than 50 percent from the other two measurements, these dues wdi be 
used 

0 Average the three values 

a Convert the averaged value to ds as follows 

- to convert ml/s to ds, muhply by 353 x 1aS 

to convert gal/s to ds, muhply by 0.134 - 

0 Record dscharge m cub~c feet per second (A). 

5.2 VELOCITY-AREAMETHOD 

The vertical axis current meter has been selected to perform velocity-area method disdrarge 
measurements A common type of vertical axu current meter IS the Price meter, type AA (see 
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F m e  SW 41) A current meter is an lnstnunent used to measure the veloaty of flowing water 

The ptvlaple of operahon I based on the proporbonahty bctwecn the veloaty of the water and the 

resdtmg angular velocity of the meter rotor By plaang a current meter at a point in a stream and 

countmg the number of revolubons of the rotor durmg a measured interval of tunc, the velouty of 

water at that pomt I deterrmned. The number of revolubons of the rotor is obtamed by an 

electrical urcuit through the contact chamber Contact p t s  m the chamber are dwgned to 

complete an electrrcal &cut at selected frequenaea of rcvoluhon. The electrrcal unpulsc produces 

an auhble &ck m a headphone The mtervals dlvrng wfuch meter revoluhons arc counted arc timed 

wth a stopwatch 

A Pnce pygmy meter wdl be used ~ 1 1  shallow depths and low vcloabcs (see Figure SW 41). The 

pygmy meter 1s scaled two-flfths as large as the type AA meter The pygmy meter makes one 

contad (dck) per revohbon whde the type AA meter can make one ckck pcr revolution or one 

&ck per five revolubons The prcdomlnant flow wndmons ln channehd streams at RFP =&ate 

that the pygmy meter d be used far more frequently than the Pnce M meter 

5.21 Introduction 

The current meter measures velouty at a pomt The velocity-area method requires measurement 

of the me811 veloaty m selected s u b o r n  of the strtam cross -on. By Mding the stream 

wdth mto subsemom, drscharge becomes the total of dwhaqcs measured m each subseaon (see 

Figure SW 42) Veloaty (v) is measured at each subsection, and dtscharge becomes the sum of the 

jmducts of each pomt veloaty and cross sectronal area of each sukdion. 

(401 1-94ool00-940)(sW4W.2)(02/27/92) 
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19 ir  

EXPLANATION 

I I I 

SOURCE WRI BOOK 8, I r t e N O  031:;2 I PRICE TYPE AA METER, TOP; 
CHAPTER B2 

(4011-940-0140-940) FIGURE SW.4-1 

PRICE PYGMY METER, BOTTOM 
Prepared by MAS I 
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Dashed lines 

EXP LAN AT1 ON 

Observation verticals 

Distance, in feet or meters, from the 
initial point to the observation vertical 

Depth of water, in feet or meters, at the 
observation vertical 

Boundaries of subsections, one 
heavily outlined IS discussed in text 

I (4011-940-0141-940) I Dale 03/01/92 FIGURE SW 4-2 
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Q = Cva 

Where Q IS total dscharge, v IS pomt veloaty, and a IS the area of the subsection 

In general, the hydrographer measuring dscharge should Strtve to measure no more than 5% of the 

flow m any one subsectron However, for small streams th IS often mposu’ble. Therefore, the 

hydrographer should dmde the channel cross-&on mto as many subsecttons as possile and make 

2 complete dtscharge measurements usmg Merent sections for each Further, subscct~ons need 

not be of idenbcal wdth. Velwtles near banks are generally lower than veloahcs near the center 

of streams, thus these subsectrons may be mder than subscct~ons near the center Subscchons d 
also be more closely spaced d a stream has an unusually deep portion m the cross section, or if 
velwtles are lugher than usual for the cross &on. The mmmum sectton wdth for the AA-meter 

IS 40 feet and the mtnlmum w o n  wdth for the pygmy meter IS 30 feet I 
Typically, velwbes wdl be measured by current meter for a 40-70 second period. It is recqnhd 

that 40 to 70 seconds IS not long enough to ensure the accuracy of a pomt-obscrdon of 

w l w t y  However, because pulsabons caused by turbulent and eddymg effects are random and 

because velwty brvatlons dunng a dLfcharge measurement are made at several vcrticab, there 

IS httle hkelhood that the pulsabons wdl bms the total measured ctscharge of a stream Longer 

penods of current meter obscmbon at a point are not used because (1) it is desirable to complete 

a dtscharge measurement before the stage changes m p i k a d y  and, (2) the use of longer 

obsembon pen& may add apticantly to the operabrig cost of data collcebon 

533 Requid Messummcnt Cmditioas 

In order to make a velwty-area dwharge measurement, the foUowmg condihons are rquwcd. 

1 The stream must be channekd, that IS, banks must channel the stream flow 

(4011-94Wl~)(SRW~)(02/27/92) 



DISCHARGE MEASUREMENT 

0 

EG&G ROCKY FLATS PLANT Manual: 5-21000-OPS 
EMD MANUAL OPERATION SOP Procedure No.: SW.4, Rev. 2 

Page: 15 of 36 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

2 Depth must be greater than 0 2  foot across mod of the cross e o n  being 

measured 

The ideal channel cross -on IS trapezoidal m shape, complet*ly smooth m boundary matemis, 

and possesses a umform w1oaty btriiutton It IS recopzed that no such cross sectional areas 

wnst at RFP Therefore, m o r  rnoddicattons to the stream channels wdl be uscd m order to 

opmue measurement conhhons These moddicahons may mcludc removal of aquahc vegetatron, 

ice, and movlng small stones whch unpact veloaty upstream or downstream of the cross SectJon 

Current meter measurements wdl be ma& by wadmg, d a n h o r n  perrmt. The type AA or pygmy 

meter IS used for w a d q  measurements Table SW 4-2 hts the type of meter and velocity method 

to be used for wadmg measurements at m o u s  depths The hydrwapher should stand at arm’s 

length to the slde of the meter I 
TABLE SW.4-2 

VEu)clTYMEAsURINGPOINTSELECIlON 

Stream Depth 
(fit) 

25 or more 
15 - 25 
03 - 15 

<03 

Type of Meter Veloaty Measurmg Pomt(s) 
(% of Depth) 

02 and 0.8 
0.6 

0.6 
05 

Some departure from Table SW 4-2 wJ1 be perrmttcd If tbe stream veldtyb it m y  not be 
possible to count dkks nith a pygmy meter. If this occurs the type M meter should be used. Do 

not mtch from one meter to another m the mddle of a dLschargc measurement. 
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Under open channel lamtnar flow con&tions, the effect of fluid contad wth the bed of a stream 

channel and the BU is a vertrcal dstriiubon of velocihes conslstcnt h tlus vclouty dutributton, 

actual observation and mathematical theory has demonstrated that a single measurement of vcloaty 

taken at 0 &depth or the average of two pomt veloahes taken at 0 2  and 0.8 of the depth below the 

surface accurately results m mean velouty m the vernal (U S G S Water-Supply Paper 2175,133- 

WPP) 

If the stream 1s generally less than 2 5 feet deep, use the sa-tenths (0.6) method. If the stream I 

generally greater than 25 feet, the two-and-e@t-tenths (02 and 0.8) method, also known as the 

two-pomt method, wdl be used A complete dscusslon umcernmg how to set the w a d q  rod to 

place the current meter at proper depths rs contarntd m Subsection 5 1.25. 

In the 0 &depth method, an observatton of veloaty made m the vernal at 0 6 of the depth below 

the surface IS used as the mean velouty m the v e r t 4  In the -pow method of measuring 
velouttes, obsemattons are made m each v e r t 4  at 0 2  and 0.8 ofthe depth below the surface The 

average of the two observahons s taken as the mean veloaty in the mtd, 

A depth of 1.25 feet wdl accommodate the 0 6-depth method wthout caw the meter to be set 

closer than 05 feet from the streambed, if the meter is set any closer to the streambed, it will 

under-register the vcloaty. If the teduuaan IS at a measurement scctmo that has only a few vwtrcals 

shallower than 1.25 feet, the t h c m  should use the type AA meter rather than the pygmy meter 

if the depth IS no less than 05 feet at any v e r t d  

Verhcal axu current meters do not regster vclouW accumtdy when placed close to a vcrtd wall. 

A Pnce meter held close to a nght-bank vcrhcal wall will Under-regiStw because the dower water 

velocity mar the wall strikes the effectnre (concave) face of the cups The collvetsc 1s tnre at a left- 

bank veacal wall (The tenns "left bank" and "right bank" desrgaate direction from the center of 

(401 1-9400100940)(SW4Rav.2)(02/27/92) 
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a stream for an observer faang downstream ) The h c e  mcter also under-rcgsters when positioned 

close to the water surface or close to the streambed 

533 Equipment 

Current meters, tuners, depth and wdth measunng devices, and a means of countmg meter 

revolubons are needed for measurement of dscharge The qwpment mcludes 

0 Topsettq  wadmg rod and Current meter 

Width-meas- dewces, either enpeer's tape or tagbe 

D~ptal counter or headset and stopwatch 

0 

0 

0 Current meter r a w  tables 

0 Stakes for wdth-measmug dewces 

0 Calculator 

523.1 Wadins Rod The depth-measunng dew= that WIII be used IS the wadmg 

rod The current meter IS attached to the wadmg rod The top-settq rod is preferred for 

use at RFP because of the convemence m scttmg the meter at the proper depth and because the 

hydrographer's hands remam dry in the process The top-sctting wadrag rod has a l/Z-mch 

hexagonal mam rod for measunng depth and a 3/&mcb ckametcr round rod for scttmg the p h o n  

of the current meter 

5233 -. Sec descnptron m Subsashon 5.12. 

5233 Epgieeer(s Tppe or 'p.pIIDc. Tape measures or premarkcd taghcs are used for dream width 

ofmost of the measurements Onentahon normal to the flow pattern of the stream and tllminetion 
sag, through support or tenmon, are rccommended for improved accuracy. 
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523.4 

5235 

52.4 

The *tal revolution counter attaches to an clectrolllc 

connecuon at the top of the wadmg rod. The d@al &play shows the number of seconds of 

elapsed hme The hydrographer stops the counter after 40 or more seconds, and the counter 

automatdly cllsplays the velwty 

If the &tal counters are unavarlable, the headset will be used as a means for dctermumg the 

number of revolubons A headset attaches to an electroluc mnncaon at the upper end of the 

wadq rod The hydrographer wears &IS headset to lrsten to the audlble chcking sounds produced 

by current meter revoluhons The number of rotahons are counted and tuned Veloubes as a 

funchon of tune are hted on a current meter r a w  chart, h c h  IS kept m the current-meter 

CafIyrng =e 

Stomwatch. A stopwatch IS used to measure tune durrng whch veloaty IS measured at each point 

m the cross w o n  

Maintenance and CIllibrptioa Roceduns 

Pnor to and following the use of the current meter, s p  tests wdl be conducted to ensure that the 

umt performs acceptably The spm test d be performed m an e n c l d  area, such as in the cab 

or m the enclosed rear of a truck, to prevent wmd laterference The test is to be performed pnor 

to a t t a w  the current meter to the wadmg rod. W e  holdmg the meter steady in an area 

sheltered from breezeq the techniaans will spin the rotor and then press the start button on the 

stopwatch. The tccluuaan wdl obscne the meter untd the rotor ceases to spin. 

The duration of the spin for the pygmy meter will be more than 40 seconds, and for the Price AA 
meter, it d be more than 90 seconds If the meter fails to meet the timed-spin aitwia, the 

meter wdl be cleaned and odd  before use If the meter d u e s  to spm well beyond these time 
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huts, the record wdl m&cate that the meter spun for 40+ seconds, m the case of the pygmy meter, 

or for 90+ seconds m the c8st of the h c c  AA meter 

To ensure relaable obsem&om of veloaty, rt LS ncccsmy that the current meter be kept in good 

condtbon. Before and after each ckscharge measurement, the meter cups or vanes, pivot and 

be- and shaft wdl be cxammed for damage, wear, or faulty ahgnment During measurements, 

the meter wdl be observed pendcally when it 1s out of the water to be sure that the rotor spins 

freely 

Meters w d  be cleaned and o d d  dady when m use. If measurements are made m sedunent-laden 
water, the meter wdl be cleaned ImmeAately after each measurement After o h g ,  w p  away any 

excess od and spm the rotor to make sure that it operates freely If the rotor stops abruptly, the 

cause of the trouble wdl be sought and corrected before u s q  the meter 

In ad&bon to meter mamtenancc, the entue m t  cmmstmg of current meter, wading rod, and 

*tal counter or headset wdl be checked before departure to the field each day as follows. 

0 Attacb the current meter and &tal counter/headsct to the w a d q  rod. 

0 Check the *tal counter by enswag that the readout ~ s v i s i i  when the umt 18 

turned on. 

0 If a headset 1s bemg uscd 

- Spm the current meter to ensure that audible clicks 

OCCUT 
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- If audble && do not occur, the followmg steps should be 
taken 

- Check that electro~uc connc&ons arc tght 

- Check that the cat’s whsker ltghtly contacts the upper 

part of the shaft 

- Spm agam If audble &cks d do not occur, check 

that the battery m the headset is properly alrgned. 
Replace the battery, If necessary 

525 FkldRoeedures 

525.1 Overview. In accordance wth SW 1, Surface Water Data Collemon Acwmes, the field crew will 

d e t e m e  the type of ate bemg Mslted Upon amval at the ate, the field technicmu will evaluate 

the flow condhons to determme h c h  measurement method IS appropriate. Based on flow 

mndhons, either the Pncc AA meter or the pygmy meter wdl be selected to perform a veloaty- 

area measurement 

At each measurement pomt (or w o n )  across the strm cross stdion, depth 1 measured pnor 

to measurement of veloaty Place the wadmg rod about 05 feet downstream b m  the tagline to 

prevent contact wth the current meter when the meter IS lowered mto measurmg -on. Place 

the wadmg rod m the stream so the base plate rests on the streambed. The depth of water is read 

from the graduated main rod. The mam rod LS graduated mto 01-foot increments These 

mcrcments are mdmted by a smgle  core in the metal. Half-foot increments arc marked by two 

scores m the metal, and each foot IS marked by three scores in the metal A vernier scale on the 

upper handle of the rod corresponds to 0 1-foot mcrements, and has 1 througb 9 m r d  n u m b  

(401 l-ProolOM4O)(SW4REV.2)(02/27/92) 
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next to r d  marks A &chug, adjustable rod, known as the dettrng rod, to wluch the meter IS 

attached, has mgle scored marks w h d  are +ed wth values on the vernier scale 

In bqgb vtloclty areas, it IS recommended that deptb be read as the value between depth 00 the 

upstream side of the rod and depth on the downstream a& of the rod. Depth is measured to the 

nearest 0 02 foot ‘Ib depth IS used to set the verttcal l m o n  of the current meter. 

The set- rod IS then adjusted downward so that the scored mark of the sew rod which 

corresponds to the range of depth m feet (e g., If depth = 0 46, range in feet = 0, or If depth = 

1 72, range m feet = 1) IS w e d  wth the stream depth value transposed to the wmer scale This 
automatlcally positrons the meter for usc m the 0 6 method as the meter IS then sa-tenths of the 
total depth from the surface of the water 

For usmg the two-pomt method of veloaty measurement, the depth of water IS dmded by 2. This 
value IS set so that the meter d be at the 0 &depth phon fmu the water surface The depth 

of water IS then mulhphed by 2, and ths value IS set The meter will then be at the 02depth 

poahon measured down from the water surface These two pos~t~ons represent the amvent~od 

0 2- and 0 &depth positrons If depths are less than 030 foot, the 05 method may be uscd. The 

obscwahon depth recorded wdl then be 05 of the total depth 

I 

5353 shps to be Fol lowed in M e  Di- If water quahty or sedrments are sampled m 
wnjundon wth discharge measurement, samples wdl be collected prior to making dsckugc 

measurements The followmg steps are to be f o l l d  m ddmrgc measurement 

Evaluate the measurement locahon Chose a locatcon where flow IS least 
turbulent If the prcsaibtd locat~on is in a stream rcachwithhighiyturbuht flow 

con&bons, try to select a locatton lmmcdiately upstream or downstream from the 

prcsaibed locatron. Flow should be &le from bank to bank. Eddres and slack 
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water must not be present Neither the type AA meter nur the pygmy meter wd 

be used for measmug vel-es slower than 0 1 fps untcss absolutely ntcessary 

Remove aquahc vcgetat~on, ice, or other minor flow impediments. When such 

moddicahons are made, exerase great care to avoid una- movement of 
sedments or the splaslung of sedments or water onto field personnel. Allow flow 
to stabhe before the current meter measurement b e p  

0 Poslbon a tape about 1 foot above the surface of the water Secure the tape so 

that it rem- taut and perpendrcular to the channel 

b Select a startmg pomt at either the left bank (left edge of water, LEW) M the 

nght bank (Ilgbt edge of water, REW) LEW and REW arc determmcd when 

facing downstream Record LEW and REW in the manner shown in F i e  SW 4- 

3 on the Dtscharge Measurement Notes (Ftgure SW.4-4) 

e Note the dstance m feet, and the stream drrcct~on, that t h s  cross &on hes from 

the prtsarbed locabon For example, the note may read "25 feet downstream" or 

"15 feet upstream " 

b Measure the wdth of the dream, m feet After sclcctiq the Pnce M or pygmy 

meter (see Table SW4-2), follow gwdetnes m Subsecbon 5L2.1 to select the 

number of subseaons ut wh~ch to measure vcloaty attemptmg to measure no 
more than 5% of total flow m any one secbon, d possible 

After deterrmDlllg the btance dtmred between musuring points, commonly 

referred to as Sedrons, measurement can begm. Record the time and bank at 

i 
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I Job N o *  4011 I COMPUTATION NOTES OF A 

1 CURRENT-METER MEASUREMENT 
Prepared by MAS 

Date 03/01/92 FIGURE SW.4-3 1 
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which measurement starts on the dtu?harge measurement notes as "REW Start 

0000", umg REW or LEW dependmg upon whether startmg at the nght or the 

left edge of the water 

0 Note the btance to the begummg edge of water from the htd point. The mitd 

pomt IS an arbitraxy pomt on the tape, preferably zero, whch lies on the shorcs~dc 

of the stream Au stahon locat~ons are recorded as &stances from the htial 

pomt 

0 Proceed to the first stabon beyond the edge of water Record the dstance from 

the mtd pomt on the du&argc measurement notes Place the w a d q  rod into 
the stream so the base plate rests on the stream bed 

0 I Stand downstream of the taghe or tape and face upstream. Do not stand behind 

or dose to the meter Rase the current meter onthewadhgrodso that it is well 

above the surface of the water 

0 Measure stream depth at the measurement point as md~cated on the wadmg rod. 

Record the stream depth to the nearest 002 foot (for example 032 fctt or 154 

feet) 

0 Lower the meter to the rquwcd depth and record the observption depth. The 

abscrvabon depth as a Eraaon of total depth is 0 6,040.8 or occasionally 05. 

0 The techmuan will stand m a phon that least af€ccts the vclodty of the water 

passlag the current meter That poslbon IS usually abtainced by hcing upstream 
wth the arm fully extended The t&aanWin stand at about a45aegrct angle 

downstream from the wa- rod. The w a d q  rod IS heid m a vert~cal w o n  
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mth the meter parallel to the duecbon of flow Amid standing m the water when 

possiile 

0 Start the @tal countct After 40 seconds, stop the counter Note that the 

counter reports velmty 

e If usmg the headset rather than the *tal counter, start the stopwatch on the first 

&ck and begm countq &&. The first &ck coullted after dartrng the stopwatch 

IS counted as one 

0 After at least 40 seconds have passed, stop the stopwatch on a && Record the 

number of seconds and the number of revoluhons (&&) on the same lrne of the 

notes as the recorded depth 

0 Determme veloaty as a function of elapsed tune and number o f  mlut~ons  &om 

the velmty chart Record veloaty m the appropte column. If the flow meter 

IS not hed up pardel to the flow, the come of the aagit that the flow direction 
IS from parallel IS needed to correct vclocaty values. Ths IS done by the followmg 

- Hold up a copy of the ddmrge notes 

h e  up the dot (shown m the asme ofthc angle column ofthe notes) - 
wth the number on the tape that designates thc measurement point o f  

the a o s s - d o n  

- Rotate the notebyprvdingat the dot dtheedgeofthc note is alrgned 

unth the flow Fmd the number along the notes perimeter that lines up 

wth the tape. Ths IS the come ofthe angle. Record this value for the 

station . 
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53.6 

0 Proceed to the next station 

stabon. Repeat measurements of de@ and veloaty. Cunhnuc UI this manner 

across the stream 

Record the dWance from the mitral pint to the 

0 After recordmg the distance measurement at the last station, record the tune at 

wluch the endmg edge of water IS reached (e g. LEW [or REWl FINISH 1330) 

0 Note velouty and depth at the edge of water as zero 

0 Evaluate and record the followng Flow charadenstm, weather condtbons, (ut 

temperature, water temperature, observcr(s), type of meter, and remarks 

0 I If less than 20 subsecuons have been used for the measurement, repeat the 
measurement steps B e p  from the o p p t e  bank from where the pmnous 
measurement began 

Discharge calcvlations 

Uslng a calculator as needed, calculate dLfcharge on the dmharge notes as follows. 

0 Use the dtstances from uutd pomt to compute wdth for each subsection The 

first wdtb is computed by subtrachng the 6rst dstancc (edge of water) from the 
second cfistance, and d d m g  t h ~ ~  quanhty by two The sccoad wrdth will be the 
Merence between the thud drstancc and the first di&mcc, divided by two. For 

each subsequent wdtb, subtract the prmous statim dstanct from the following 

stabon cfistance, and &de tbrs quanhty by two The final width is cakulatcd as 

the Merence between the 6naI distance and the second-to-the-last distance, 

(401 1-94Pol~O)(sWrl(O2/~/92) 
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dmded by two Sum the wdth column and check to be sure that the calculated 
width equals the ctstancebetween the R E W a n d L E W  

Mdply the width by the depth for each stahon to detemme the area of each 
subsectton Sum the areas to deterne total area 

If the angle between the flow and the meter onenuon ls not 90 degrees, correct 
the measured vcloaty rea- by mulbplyrng the veloaty by the axme of the 

angle 

Mdhply the velouty by the area for each stahon to o b  the dscharge for each 
subsecbon 

Sum the &charges for each s u b o n  to deterrmne total dscharge and record 

the value 

If two sets of drscharge measurements beginnrng at OpPoslte banks were taken, 

repeat the dscharge calculabons for the ScCoDd set of data. Average the total 

drscharges for the two measurements Record the average value and report it for 

mput mto the database 

5 3  coNTRoLsTRucIzTREs 

Control structures such as wem and flumes can be used to detennurc dischqp. These stnrdures 

have regular dmexmons that allow for a conastent r e l a b h p  bctween water level and discharge 
F i i  Parshall flumes are m operatronal oon&hon at RFP, and more are to be rnrtlrlkA Thts won 

desaibes use of Parshall flumes to measure ctscharge With the exception of d v-notch weirs 
m p p  m and near the sewage treatment plant, no weirs are known to be in aperabon at RFP, 

(401 1-proOlW-94O)(SW4WBvf)(02/~/92) 
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53.1 

53.1.1 

53.12 

therefore, thrs w o n  prmdes general @dekats for the usc o f  ww6 m measuxing dtscharges. 
Should wws be rnstalled at RFP, addenda to t h ~ ~  SOP will be ppared to dcdcribe the use ofthe 

speufjc type of weu m W g e  measurement. 

introduction 

m. Weus are classdied under the general categmes of (1) broad crested, or (2) sharp crested. 

Dtscharge over a broad-aestcd wen takes the form 

0 = -12, 

where Q IS the ducharge, L IS the crest length, and H iS the depth of water ovcr the crest of the 

weu Values for the cueffiaent C are p e n  rn hydraullc handbooks W e  the exponent for H ltsted 

here IS apphcable to many weus, hydraullc handbooks should be CollSuIted to find the correct 
exponent for the weu bemg used 

Sharp crested wem are constructed m a m e t y  of shapes, but the most common are V-not4 

rectangular, and Cipolletb 

m. A caliirated consmaon placed m a stream channel changes the kvcl of the 
water 1~ or near the consmaon Flumes are wnstructed so that a restridon in the channel causes 

the water to accelerate, producing a corresponding change (drop) in the water lcveL 

When the physical dimensions of the flume constriction arc known, dis&aqc through the 

constnchon may be detenntned fiom measurement o f  depth. Refer to SubQectiom 5.1362 for a 

descr~ptmn of dwharge measurement for Parshall flumes 

ljpld flumes consist of three seaom 

A convcrgmg &on to r&rate the approaching h. 
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532 

532.1 

5322 

A throat seaon, whose wdth 1s used to designate flume Size. 

A hrgu ig  d o n ,  dcstgncd to ensure that the level downstream is lower than 

the level in the con- sectlm 

The stage of a stream I the he@t of the water surface above an established e l d a  Stage I 

usually u t p r e s s e d  m feet The Parshall flume cons~~ts of a converpg secbon with a level floor, a 

throat -on with a downward slopmg floor, and a d~vergtng sccbon wth an upward sloping floor 

(see Figure SW 4-5) The p u p a l  feature of the Parshall flume (developed by R Parshall in 1922) 

1s an approach reach haw converging stdtwalls and a level floor, the downstream end of h c h  

1s a cr~clcal depth cross e o n  The pnmary stage measurement IS made rn the approach reach at 

some standard dstance upstream from the mt~cal-depth cross e o n  

The flumes are demgnated by the width (w) of the tluoat Flumes having throat widths from 3 

mches (m ) to 8 feet (ft) haw a rounded entrance whose floor slope is 25 percent Smaller and 

larger flumes do not have that feature 

Required Meosllnwnt Conditions 

weirs For war formulas to gwe accurate values of drschargc, the upstream face of the 

war must be vertical and at nght angles to the channel, and the crest o f  the war must bc 
homntal. in ad&bon, atmosphenc pressure should be mahtamd under the nappe, and the 

approach channel should be str@ and un-ed The head, 4 should be measured far 

enough upstream from the weu to avoid the aflecc o f  cwvature of the water surface near the war 

Ideally, flow rate through a flume may be dctcmuncd by measurements at a 

single point some dutance dawnatream fram the inlet and above the thmat 

(401 1 -940ol~)(sW4REV.2)(02/27/92) 
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Note Three-inch lo eiqhf-foot fhmes hove / rounded opprooch wmgwolls 
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I Job No* 4011 I CONFIGURATION AND DESCRIPl7VE 
NOMENCLATURE FOR PARSHALL FLUMES 

Prepared by MAS 

(401 1-9404144-94O)(F1gSW4 5) Date 83/01/92 FIGURE SW.4-5 
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533 

53 4 

53.4.1 

53.42 

Equipment 

The followmg cqtupment wrll be needed 

b Current meter 

b Carpenter’s level 

b Frammg square 

b Meas- tapes 

b Staff gauge 

Maintenance and Calibration Proceduns 

yveirs. AU wem wdl be mpected to detcrmme that they provlde a uniform duent flow 

dstnbuhon and that they are placed squarely aaoss the channel. Corrosion of the crest of a sharp- 

edged wew or damage by floatmg debns may alter the war d a e n t  If a bmad-aeded wew IS 

to be used for measurement pwposes, ~ts shape must conform to one for w h d  coefficients have 
been estabhhed by teshng The quabons and tables found m hydrautcs referen- that arc used 

to compute the flow over wus apply only to free-flow am&- Whcn the water level 

downstream from a weu mes above the level of the wen crest, the weir crest IS said to be 
submerged Formulas have been &vcIopd for flow over submerged weirs, but under such 

conbons accurate flow measurement IS not possibk because surface diatrbances downstream 
from the wur make ~t ddEcult to measure the depth of submcrgcncc 

m. W flumes will be inspected to &ermine that entrana conditions provide a uniform 

influent flow dstribut~on, the convcrgmg throat scct~on is led, and that the throat scctim walls a n  

verr~cal. The flume WIU be closeIy cxammed to deterne that rt IS ddmging kecly. Any 
problems observed durrng the inspcchon WIU be noted and reported to the licld manager 
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5 3 5  Proceduns 

535.1 Qwvlerp. In accordance witb SW 1, Surface Water Data collection Actw~tits, the field crew will 

determrne posiile flow con&bons based on past achmbcs at the ate before gOing to the field data 

ate Upon amvd at the ate, the techaans wlll evaluate the flow conbons to verify the 

appropnate method for flow measurement If the flow cond&ons meet those outlurcd m Subsecbon 
5 13 2, then the teduuaans wdl observe and use judgment m approAmaturg the flow volume and 

wdl perform a measurement based on use of the control structure 

5352 S t e ~ s  to be Followed in Mcasu ring 

Remove any matend that may have accumulated m the flume or on the 

weu 

If the stabon mdudes a chart recorder, mpect the str~p chart on the 

recorder to venfy that it IS opera- 

Note any detenorabon of the stabon, report these con&bons to the field 

manager at the conduston of dady data collc&on a d c s  

I Measure and record the throat wdth to the nearest 1/10 of an mch. 

Use the staff gage to measure and record the gage b q h t  to the nearest 0.02 foot 

calculate dscharge as described in Subsection 5 13.6 

Record the calculated duchargc and the tune and date of the site visit. 
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53.6.1 m. Equahons are derived for wem of spcufic geometry which relate static head to dkhargc 

Wens are generally cladid mto two general categones (1) broad crested, and (2) sharp aested. 

A set of weu tables is ~cwsary for calculatmg flows The ww tables are spedfic to the type of 

wem If weirs are estabhshcd at RFP, tables specific to the Weirs will become an addendum to this 
SOP 

53.62 m. A set of flume tables IS necesary for calculaturg flows The flume tabla are spcufic to 

the type of flume If flumes other than Parshall flumes are installed at RFP, tables spcufic to the 

flumes w31 become an addendum to ths SOP For Parshall Flumes refer to Table SW 43, Free- 

Flow Dlscbarge-Parshall Flume, & B a d  on the gage he@ (head, H, m feet) and the throat 

wdth of the flume (slzt of flume, W), the dscharge IS read dvectly from Table SW 4-3 

Note that appromate values of ctschargc for heads other than those shown may be found by dues 

xnterpolabon m the table 

6.0 QUALITY IrsSURANCE/QUALITY CONTROL 

Quahty assurance (QA) and quahty control (QC) a-es wdl be accomphshcd according to 

apphcable project plans as well as quality rqwements m this SOP 

7.0 DOCUMENTATION 

Infornabon rtquvtd by ths SOP wdl be documented on the ducharge mcasuruncnt notcs shown 

in Fme SW 4-4 These notes can be found in the Surface Water Data colltction Form (Form 
SW lA) The form is found m SW l, Surface Water Data collectioa Activihm. Data required by 
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t h ~ ~  SOP mcludcs flow measurement devlce caliiration dormation and field flow measurement 

data. 
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1%. 2v 

GI ai6 
0.94 1.24 

460 

147 193 
206 273 
273 362 

4.26 566 
510 6.80 
600 800  
695 9.27 
794 1061 

IO10 1348 
aw noi 

1120 1500 
12-40 1658 
1360 1121 
1480 I990 
16 IO 21 63 
I740 2343 ioo, 2521 
m20 2715 
2160 2909 

151623003109 
2460 3311 

Table SW.4-3 
Free Flow Discharge - Parshall Flume, cfs 

352 
JS7 
794 
10.63 

1681 
2029 
2400 
2794 
32 I O  
3647 
4105 
4582 
5079 
559s 
61 29 

7250 
8 3 7  a 

8441 
9061 
W 9 7  

10350 

1359 

& a t  

i i  
1 2  
13 
1 4  
I 5  
16 
1 7  
1 8  
I9 
20 
2 1  
22 
2 3  
24 
25 

4 W  462 
646 734 
923 1051 
1236 1408 

1959 2236 
2366 2702 
11100 3200 
3262 3730 
3750 4289 
4262' U?8 
4799 5495 
5359 6140 
5942 68 10 
6548 150) 
71 75 8229 
a 2 4  a916 
a494 9 7 4  
94.84. .IoIAo 
9894 11360 
la20 11200 
11370 13070 
12140 I3950 

I J : ~  ram 

- != z 
Q.97 
IJ2 
2a6 
4.05 
5 39 
6.86 

10 I7 
lZ00 
I3 93 
15 96 
18 10 
r0 32 
2264 
25 os 
27 55 
30.13 
32.79 
35 53 
R 35 
41.25 
4422 
47 27 
50 39 

- 

a 6  

- 

zz 

377 

- 
1.26 
2.39 

536 
7 I5 
9 I I  

I I  25 
I3 55 
I6 00 
I8 60 
21 33 
24.21 
27.21 
3034 
31 59 
36% 
40 45 
44 05 
47 11 
54 59 
55 52 
59 56 
63 69 
61 93 - 

ZIT - - 
2% 
468 
666 

I I  36 
I4 0) 
I6 92 
moa0 
23 26 
26 71 
30 33 
34 I I  
3806 
42.17 
46 43 

55 39 
a08 
64 92 
69 90 
75 01 
a0 25 
85 62 

a a9 

50.u 

- 
NOTE Approximate values of flow for heads other than those shown may be found by 

direct interpolation III the table 

From Groundwater and Wells, Second Edition, 1986 

(401 1 -940-0146-94OXTblSW4 3) 


